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Purpose: The purpose of this study was to determine whether aortic size influences late 
patency of aortofemoral reconstructions in men and women with premature atheroscle- 
rosis. 
Methods: We studied 37 consecutive young women (mean age -+ SEM, 44 _ .7 years) and 
36 young men (mean age 44 -+ .8 years) who underwent elective operations for aortoiliae 
occlusive disease during the past 15 years. Clinical data from patients with occluded versus 
patent grafts were studied, and angiographic findings in patients with occluded versus 
patent grafts and in young adult patients in a control group (n = 50) who had 
nonatherosclerotic conditions were compared. 
Results: Twenty (54%) women and 17 (47%) men had limb occlusions within a mean of 
31 _+ 6 months. These occlusions resulted in major amputations in 17 (23%) patients. 
When patients with occluded versus patent grafts were compared no differences were 
found in age, sex, symptoms, type or number of atherosclerotic risk factors, or operative 
details. As a whole, patients in the study group had smaller infrarenal aortas than did 
patients in the control group (iv = 0.009). Women with limb occlusions had smaller 
infrarenal aortas than did women with patent grafts (p = 0.03) or healthy female patients 
in the control group ~ = 0.002). Men with limb occlusions had smaller infrarenal aortas 
than did men with patent grafts ~ = 0.017) or male patients in the control group 
(iv < 0.001). Angiographic outflow scores were not different in men or women with 
occluded versus patent grafts. Among all variables tudied proportional hazards regression 
analysis indicated that only mean infrarenal aortic diameter was predictive of graft patency. 
Conclusions: These data suggest that late graft failure after aortofemoral reconstruction is 
common in young adults. Patients with premature atherosclerosis have smaller infrarenal 
aortas compared with young adults in a control group, making them more xatlnerable to 
symptoms from atherosclerotic lesions. Size of the infrarenal aortic segment is a critical 
determinant of late graft patency regardless of sex. (J VASC SURG 1995;21:296-306.) 
Atherosclerosis i the most common cause of 
peripheral vascular disease in young adults, 1-4 and the 
aortoiliac segment is the most frequent site of 
involvement. 46The premature onset of symptomatic 
atherosclerosis affecting the lower extremity has been 
associated with rapid progression and a high inci- 
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dence of graft occlusion, amputation, and death. 2'7-9 
Reported patency data on aortofemoral bypasses 
(AFB) and aortoiliac thromboendarterectomies 
(aTEA) in young adults are conflicting. Jensen and 
Egeblad l° documented a 4-year cumulative patency 
rate of 89% among 56 selected patients with localized 
aortoiliac atherosclerosis, but an additional 39 pa- 
tients with more diffuse atherosclerosis were ex- 
cluded from analysis. Several authors have suggested 
that young women with localized aortoiliac athero- 
sclerosis have a more favorable prognosis after 
aortoiliac reconstruction compared with other 
subgroups, I°t2 but others have not found this to be 
the case. 7'1a Among unselected populations of young 
adults undergoing aortoiliac reconstruction, long- 
term results appear to be unfavorable. Several authors 
have noted a high rate of  graft failure among these 
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patients, with reoperations required in 25% 2'13 to 
34% 6,9 within 3 to 4 years of the original operation. 
The vast majority of these reoperations were per- 
formed for failure of the aortoiliac reconstruction 
rather than for progression of distal disease. 
The causes of revascularization failure in patients 
with premature atherosclerosis have not been de- 
fined. Because differences in late patcncy rates be- 
tween young men and young women undergoing 
aortoiliac revascularization have not been examined, 
the relative contribution of sex is unlmown. Another 
possible determinant is the size of the affected artery. 
The association of small aortas with early onset 
aortoiliac occlusive disease has been described in both 
women 14d6 and men. 17 However, it is not known 
whether aortic size influences late patency of aor- 
toiliac reconstructions in patients with premature 
atherosclerosis. The purposes of this study were (1) 
to determine whether late patency of aortoiliac 
reconstructions is different in young men and young 
women and (2) to determine the influence of aortic 
size on late patency rates in both sexes. 
PATIENTS AND METHODS 
We studied 81 consecutive patients aged 49 years 
and younger who underwent aortoiliac reconstruc- 
tions for atherosclerotic o clusive disease at our insti- 
tutions between January 1978 and January 1993. 
Medical records were reviewed for demographic 
data, operative indication, presence of atherosderotic 
risk factors, and operative details. Follow-up data 
were obtained from records of outpatient clinic visits, 
records of subsequent hospital admissions, and au- 
topsy reports. Patients lost to follow-up examination 
within i year of discharge were excluded from analy- 
sis. Reconstructions were considered to be patent on 
the basis of palpable femoral pulses and absence of 
recurrent syrnptoms. Details of subsequent vascular 
operations or amputations were also documented. 
Preoperative arteriograms were performed via the 
right or left common femoral artery or the left axillary 
artery with the use of standard Seldinger technique 
and pigtail, tennis racket, or halo angiographic flush 
catheters. Serial aortogram filming was done with 
PUCK AOT-R cut-film changers (Siemens-Elema 
AB, Solna, Sweden) and angiographic equipment by 
General Electric (GE Huoricon 300, GE Medical 
Systems, Milwaukee, Wis.), Philips (Philips Poly 
UV, Philips Medical Systems North America, Shel- 
ton, Conn.), or Siemens (Angioskop A33, Siemens 
Medical Systems Inc., Iselin, N.J.). Ionic contrast 
material was used for aortography in most cases. In 
some cases low-osmolar or nonionic contrast agents 
were used. Contrast was infused at 20 to 25 cc/sec for 
a total volume of 40 to 50 cc. Standard views 
included anteroposterior imaging of the entire ab- 
dominal aorta supplemented by oblique and lateral 
views in individual cases. Subsequently the catheter 
was repositioned to a level just above the aortic 
bifurcation, and bilateral oblique pelvic arteriography 
was performed. Finally bilateral lower extremity 
run-off arteriography was done with low-osmolar 
contrast and either long-leg changers or a stepping 
table. Contrast was infused at a rate of 8 to 10 cc/sec 
for a total volume of 80 to 112 cc. 
Available preoperative arteriograms were re- 
viewed to determine aortic size and to evaluate the 
patency of runoff vessels. These parameters were de- 
termined by a panel of two vascular surgeons and a 
vascular adiologist. Aortic measurements were ob- 
tained with standard metric rulers according to the 
methods of Cronenwett et al.14: transverse diameters 
were measured at the largest point of the contrast- 
filled lumen of the aorta immediately above the renal 
arteries (A1) and immediately below the renal arteries 
(A2). Diameters were not determined in the distal 
aorta, iliac, or femoral vessels, because many patients 
had aortic occlusions below the A 2 segment. Al- 
though patency of the iliac and femoral vessels could 
be assessed in these cases, the resolution was insuffi- 
cient to permit accurate measurements. Arterial out- 
flow in the femoral, popliteal, and infragenicular ar- 
teries was determined from angiographic views ac- 
cording to standards set by the Society for Vascular 
Surge U and the International Society for Cardiovas- 
cular Surgery. ~8 Patency of infrainguinal vessels was 
confirmed by documented palpable pulses and anlde- 
brachial indexes (ABI) greater than 1.0 after recon- 
struction. 
For comparison purposes aortic measurements 
were obtained in 50 patients (25 men, 25 women) 
aged 25 to 49 years who underwent aortography for 
nonatherosclerotic conditions. These control aorto- 
grams were consecutive studies obtained at our 
institutions during the past 2 years° 
Descriptive results are expressed as mean _+ 
SEM. Statistical comparisons between categoric pa- 
rameters were performed with use of the chi-square 
test. Comparisons among groups of unpaired data 
were made with the unpaired Student  test. Results 
were considered significant at the p < 0.05 level. 
Life-table analysis was used to estimate graft patency 
by the Kaplan-Meier method.19 The log-rank test was 
used to compare graft patency rates between men and 
women. The log-rank test was also used to compare 
patency rates between patients with small versus large 
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Table I. Profiles of the 73 patients in the study 
Men (%) Women (%) 
No. 36 (49) 37 (51) 
Mean age (yrs) 
Onset of PVD 42 _+ 0.5 42 +_ 0.5 
First operation 44 _+ 0.8 44 _+ 0.7 
No. whites 26 (72) 29 (78) 
No. smokers 33 (92) 33 (89) 
No. with hypertension 17 (47) 17 (46) 
No. diabetics 9 (25) 6 (16) 
No. with lipidemias 10 (28) 10 (27) 
Operative indications 
Claudication 21 (58) 21 (57) 
Rest pain 14 (39) 9 (24) 
Microemboli - 6 (16) 
Gangrene/ulcer 1 (3) 1 (3) 
PVD, pulmonary vascular disease. 
aortic size. In this analysis large and small aortas 
were distinguished as being larger or smaller than 
the median aortic size. Graft patency was also 
analyzed with Cox's proportional hazards regression 
analysis. Variables examined include the A 2 diameter, 
age at the time of operation, sex, presence of 
hypertension, diabetes mellitus, dyslipidemia, and 
history of smoking. Backward elimination of vari- 
ables with ap > 0.05 significance level for removal 
was used to identify which variables were signifi- 
candy predictive of graft patency. This analysis 
provides relative risk estimates of graft patency for 
significant predictors. This multivariate analysis was 
based on the 49 (67%) of 73 patients with available 
aortograms. 
RESULTS 
Seventy-three of 81 patients met the inclusion 
criteria. One patient died in the perioperative period 
(operative mortality 1.2%), and seven patients were 
lost to follow-up examination within 1 year after 
discharge. The mean follow-up period of the 73 
patients in the study was 60 + 5 months. Twenty- 
three (32%) had a follow-up period of 13 to 35 
months; 20 (27%) had a follow-up period of 36 to 
60 months; and 30 (41%) had a follow-up period 
longer than 60 months. Thirty-six (49%) were men, 
and 37 (51%) were women. Fig. 1 demonstrates the 
distribution of the ages of onset for the men and 
women in the study. The mean age at first operation 
for the men was 44 + 0.8 years, which was not 
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Fig. 2. Kaplan-Meier curves demonstrate cumulative patency rates among male and female 
study subjects (N.S.D.). 
Table II. Comparison of study variables between subjects with patent vascular epairs and those 
with occlusions * 
Smoking Hypertension Lipids D~/I Onset age AFB 
Group n (%) (%) (%) (%) (yrs) (%) 
Men 
Patent 19 18 (95) 7 (39) 7 (39) 3 (16) 41 -+ 1.4 19 (100) 
Occluded 17 15 (88) 10 (59) 3 (18) 5 (29) 43 -+ 1.1 16 (94) 
Women 
Patent 17 15 (88) 8 (47) 5 (29) 2 (12) 42 -+ 1.0 13 (76) 
Occluded 20 19 (95) 9 (45) 5 (25) 4 (20) 43 _+ 1.2 17 (85) 
Lipids = serum cholesterol > 240 mg/dl or serum triglycerides > 300 mg/dl. 
DM, diabetes mellitus. 
*Differences between groups are not significant. 
different from 43.5 __+ 0.7 years among the women. 
Twenty-seven (75%) men and 28 (76%) women 
were white; nine (25%) men and nine (24%) 
women were black. Demographics, atherosclerotic 
risk factors, and operative indications are listed in 
Table I. 
Sixty-five (89%) patients underwent AFBs with 
Dacron grafts, and eight (11%) underwent aTEAs 
with Dacron patch angioplasties. None of the 73 
patients required operative revisions before dis- 
charge, and patency was documented by the presence 
of bilateral femoral pulses at the time of discharge in 
all cases. 
During the follow-up period 37 (51%) of the 73 
patients had at least one documented occlusion of the 
original vascular epair; that is, these patients had 
thrombosis of at least one graft limb after AFB 
(n = 33) or an iliac artery (n = 4) after aTEA. No 
cases of simultaneous bilateral limb occlusions (i.e., 
total reconstruction failure were seen). Occlusions 
occurred in 20 (54%) of the 37 women and in 17 
(47%) of the 36 men (not significant). The average 
time from the original operation to occlusion was 
27 _+ 6 months for the women, which was not 
significantly different from 33 _+ 10 months for the 
men. Primary patency was not different between men 
and women (Fig. 2). At reoperation one of the 
grafts had evidence of infection. AFB limb occlusions 
were associated with anastomotic pseudoaneurysms 
in three of the men and in one of the women. The 
remaining AFB limb occlusions were associated with 
luminal plaque formation at or near the femoral 
anastomosis. Histopathologic nformation was not 
available to determine whether anastomotic neoinfi- 
mal hyperplasia or recurrent atherosclerosis played 
the major role in these vents. In all four cases of lilac 
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Fig. 3. Kaplan-Meier curves demonstrating cumulative patency rates for large vs. small aortas. 
Median A 2 diameter = 1.8 cm. L = large aortas (A 2 > 1.8 cm); S = small aortas (A 2 _ 1.8 
cm). 
artery thrombosis after aTEA, the occlusions oc- 
curred at the site of iliac endarterectomy. 
After revascularization f these occlusions was 
done, 14 (39%) women and i6 (44%) men had 
recurrent limb occlusions or iliac artery thromboses. 
At the end of the follow-up period, two procedures 
had been performed in four women and four men, 
and three or more interventions were required in 10 
women and 12 men. Among the patients who 
required multiple interventions, seven (19%) women 
required major amputations (one unilateral above 
knee, two bilateral above knee, two unilateral hip 
disarticulations, two bilateral hip disarticulations), as 
did 10 (28%) men (two unilateral below knee, four 
unilateral above knee, four bilateral above knee). 
Amputations were eventually required in eight 
(20%) of 41 patients who initially presented with 
claudication and in nine (28%) of 32 patients who 
presented with threatened limbs (not significant). 
Three (8%) of the 37 women and seven (19%) of the 
36 men died during the follow-up period. 
Among the 65 subjects who underwent AFB the 
size of the original graft could be retrieved from the 
medical records of 27 (90%) women and 32 (9i%) 
men. Patent grafts among the women were i6 mm in 
i1 (92%) and 13 mm in one (8%); occluded grafts 
were 16 mm in eight (50%), 14 mm in seven (44%), 
and 13 mm in one (6%). Patent grafts among the 
men were 18 mm in three (9%), 16 mm in seven 
(22%), and 14 mm in seven (22%); occluded grafts 
were 18 mm in three (9%), 16 mm in eight (25%), 
and 14 mm in four (13%). Comparing rafts _> 14 
mm versus < 14 ram, -> 16 mm versus < i6 mm, and 
-> 18 mm versus < 18 mm, the number of grafts that 
occluded was not different from the number of grafts 
that remained patent in men or women. 
Group comparisons. Study variables were com- 
pared between patients with patent AFB and aTEA 
repairs and those with occlusions (Table II). The 
prevalence of smoking, hypertension, dyslipidemia, 
and diabetes mellitus was not different between these 
groups, nor was it different between men and 
women. The mean number of risk factors was not 
different between the men with patent grafts versus 
those with occlusions (1.9 -+ .2 vs 2.1 + .2) nor 
between the groups of women (1.9 _+ .2 vs 
1.8 _+ .2). No difference was seen in age of onset of 
PVD, age at initial operation, or type of initial 
procedure. Operative indications among the i7 
women with patent repairs included severe daudica- 
tion in 11 (65%), microemboli in four (21%), and 
rest pain in two (12%). This finding was not 
significantly different from the operative indications 
among the 20 women with occlusions, which in- 
cluded severe claudication i  10 (50%), rest pain in 
seven (35%), microemboli n two (10%), and 
gangrene in one (5%). Operative indications among 
the 19 men with patent repairs included claudication 
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TaMe II I .  Arteriograph comparison between subjects with patent grafts and those with occlusions 
Men Women 
Patent Occluded Patent Occluded 
(n = 11) (n = 16) p Value (n = 10) (n = 12) p Va&e 
A~ 24.6 -+ .5 21.9 _+ .8 .015 20.0 -4- .7 18.5 _+ 1 
A 2 20.5 +- .6 18.1 _+ .9 .017 17.2 + .7 14.5 _+ .9 
Run-offscore 3.41 -+ 1.1 3.40 _+ .8 NS 1.67 _+ .5 2.04 +_ .6 
NS 
.03 
NS 
A1, A2 expressed in millimeters. Runoff score reflects worst limb score for each subject. 
NS, not significant. 
in 11 (58%) and rest pain in eight (42%). This 
finding was not significantly different from the 
operative indications among the 17 men with 
occlusions: claudication i 10 (59%), rest pain in six 
(35%), and ulceration in one (6%). 
Aortograms. Preoperative arteriograms were 
available for review in 27 (75%) of the men and 22 
(59%) of the women. The remaining arteriograms 
were obtained before 1983 and were no longer in 
storage at our institutions. When the 24 patients 
without arteriograms were compared with the 49 
patients with available arteriograms, no differences 
were seen in mean age, sex, graft patency, or 
atherosclerotic risk factors. 
Mean A 1 diameter was smaller between the 
groups of women compared with that of the groups 
of men (19.2_+.6 mm vs 23.2_+.6 ram, 
p < 0.001). Mean A 2 diameter was also smaller 
between the groups of women (15.7 -+ .6 mm vs 
19.2 _+ .5 mm, p < 0.001). A 1 and A 2 diameters 
were highly intercorrelated (r = 0.81, p < 0.001). 
Mean run-off scores for the men were 3.26 _+ 
0.6 and for the women were 1.88-+ 0.4 (not 
significant). 
Arteriogram comparisons between subjects with 
patent repairs and those with occlusions are demon- 
strated in Table III. A1 diameters were smaller 
between men with occlusions compared with men 
with patent repairs but were not different between 
the groups of women. A 2 diameters were smaller in 
both men and women with occlusions compared 
with those of the counterparts with patent repairs. 
The mean run-off scores were not different for men 
with occlusions versus men with patent repairs 
(3.40 + .8 vs 3.41 _+ 1.1) nor for women with 
occlusions versus patent repairs (2 .04_  .6 vs 
1 .67_  .5). Life table analysis with the log-rank 
method determined that patients with small (A 2 
___ 1.8 cm) aortas had significantly worse patency rates 
than did patients with large (A 2 > 1.8 cm) aortas 
(p = 0.003) (Fig. 3). The proportional hazards 
regression analysis indicated that only the A 2 diam- 
eter was predictive of graft patcncy based on the 
backward elimination technique. Age, sex, and ath- 
erosclerotic risk factors were not significantly related 
to graft patency. This model provides a relative risk 
estimate for significant predictors; in this case the 
relative risk of occlusion increases 1.2 times for each 
1 mm decrease in the A 2 diameter (p = 0.002; 95% 
confidence interval, 1.07 to 1.24). As an example a
patient with a 16 mm A 2 diameter is 2.1 times more 
likely to experience an occlusion as a man with a 20 
mm A 2 diameter (based on the 4 mm difference in A 2 
diameter). The prevalence of occlusions distributed 
according to A 2 diameter is demonstrated in Fig. 4. 
Forty-two patients with available arteriographs 
underwent AFB placement, and two underwent 
aTEA. At the end of the follow-up period 18 (43%) 
of the 42 patients who underwent AFB placement 
had patent grafts, two (5%) had limb occlusions 
caused by pseudoaneurysm formation, and 22 (52%) 
had limb occlusions associated with luminal plaque 
formation. Because pseudoaneurysms represent a 
technical failure and not a manifestation f underly- 
ing disease, the 40 patients who underwent AFB and 
did not have pseudoaneurysms were analyzed sepa- 
rately to determine whether A2 diameter was signifi- 
cantly associated with AFB graft patency, absent 
technical problems. The mean A 2 diameter of the 11 
men with patent AFB grafts was 20.5 _+ 0.6 mm 
compared with 17.8 _+ 0.7 mm among the 13 men 
with limb occlusions (p = 0.006). The mean A 2 
diameter among the seven women with patent AFB 
grafts was 17.6 ___ 0.9 mm compared with 
13.7 _+ 0.8 mm among the nine women with limb 
occlusions (p = 0.006). 
Comparison group. Fifty young adults (25 men, 
25 women) without atherosclerosis who underwent 
aortography were studied (Fig. 5). Seventeen (34%) 
of these angiograms were performed for evaluation of 
hypertension, i6 (32%) for trauma, nine (18%) for 
renal donor evaluation, seven (14%) for renal tumor, 
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Fig. 4. Prevalence of occlusions according to aortic size. 
and one (2%) for gastrointestinal bleeding. All aortic 
and branch arterial segments were free of disease. The 
female patients in the control group were signifi- 
cantly younger than the female patients in the study 
group (36 m 1.6 years vs 43.5 m .7 years, 
p < 0.001). The male patients in the control group 
were also younger than the male patients in the study 
group (35.6 m 1.1 years vs 44 -+ .8 years, 
p < 0.001). 
The mean A 1 segment of all 49 patients in the 
study group with available arteriograms was 
21.3 + .8 mm, which was not significantly different 
than 22.1 _+ .5 mm in the control group. The mean 
A 2 segment of the study group was significantly 
smaller than that of the control group (17.6 _+ .8 
mm vs 19.2 _-_ .4 mm, p = 0.009). Comparison of 
aortogram easurements between study subgroups 
and control subgroups is shown in Table IV. The 
mean A 2 segment of the male patients in the control 
group was not significantly different from the mean 
A 2 segment of all male patients in the study group but 
was significantly arger than the mean A 2 segment of 
the male patients in the study group with occlusions 
(p < 0.001). The mean A 2 segment of the female 
patients in the control group was significantly arger 
than the mean A 2 segments of all 22 female patients 
in the study group (p = 0.01) and those with 
occlusions (p = 0.002). 
DISCUSSION 
An association between small aortic diameter and 
localized aortic atherosclerosis has been described 
previously.14-17 This "hypoplastic aorta syndrome" is
more common in women, who tend to present at a 
younger age with less severe symptoms than do 
patients with larger aortas./4 The syndrome has also 
been reported in men, who likewise tend to have 
symptoms 10 years earlier than counterparts with 
larger aortas. 17 Although aortoiliac reconstruction is 
technically challenging in patients with hypoplastic 
aortas, reported cumulative patency rates are not 
significantly ower than those in patients with normal 
aortas.15,16 However, because patients with hypoplas- 
tic aortas were not stratified according to age in these 
reports, the impact of premature atherosclerosis in 
this condition has not been assessed. 
The present data confirm that late graft failure 
after aortoiliac revascularization is common in young 
adults. Graft occlusion and amputation rates were 
similar for men and women, suggesting that sex is not 
an important determinant of late graft patency in 
these patients. Our 3-ycar cumulative graft patency of 
65% is in keeping with those of others; Evans et al. 13 
reported that 2S% of patients younger than 50 years 
required further operation to maintain graft patency 
after AFB, as was the case in 34% reported by Olsen 
et al. 9 Among the variables examined, the single most 
important determinant of graft patency among men 
and women in our series was the diameter of the 
infrarenal aorta. Although the absolute diameter size 
associated with an increased risk of graft occlusion 
varied between men and women, the proportional 
hazards model demonstrated that a 1.2 times greater 
risk of occlusion existed for each 1 mm decrease inA 2 
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diameter for both men and women. The mean 
infrarenal aortic diameter of the patients with graft 
failures was significantly smaller than that of the 
control group. This difference is underscored by the 
fact that the patients in the control group were 
significantly ounger than the patients in the study 
group. Because aortic size generally increases with 
age, 2° one would have expected the patients in the 
study group to have larger aortas. Thus the associa- 
tion between graft failure and small aortic diameter is
not merely a coincidence of age-related variations in 
aortic size. 
It is likely that the patients in the study group who 
had small aortas also had small arteries in the distal 
circulation. Although we were unable to measure the 
size ofiliac, femoral, or popliteal arteries in our study 
group, others have reported a close association 
between small aortic size and small distal arteries. 14 
We hypothesize that recurrent arterial lesions caused 
by neointimal hyperplasia or atherosclerosis are more 
likely to cause hemodynamic compromise earlier and 
therefore to become symptomatic sooner in small 
arteries. Young adults with hypoplastic arteries have 
the rapid progression of premature atherosclerosis 
sooner than those with larger vessels. The size of the 
involved graft does not appear to have the same 
bearing on late patency. 2~ 
Despite being a relatively large s ries of consecu- 
tive young patients undergoing aortoiliac reconstruc- 
tions with a long-term follow-up period, limitations 
did exist in this study. Because the study is retrospec- 
tive, a number of graft complications may have been 
missed in patients who were lost to follow-up 
examination after 12 months. Nevertheless the re- 
ported graft complication rate is high and within the 
previously reported range. 9,a3 We did not have a 
comparison group of older patients who underwent 
AFB and aTEA. Evans et al. 13 noted no difference in 
late patency rates in patients younger than 50 years 
compared with those of patients older than 50 years, 
but the abrupt age boundary that separated the two 
groups was arbitrary and may have caused significant 
overlap in the two populations. In addition the 26% 
AFB failure rate among patients older than 50 )rears 
in the series by Evans et al.13 is higher than that 
reported by others. The late patency results in our 
study are clearly inferior to those reported for AFB 22 
or aTEA 23 in populations unselected by age. 
We were unable to retrieve aortograms from 
patients who underwent aortoiliac reconstruction 
before 1983. Including aortic diameters from these 
patients might have minimized the differences we 
found. However, the high degree of significance of 
Fig. 5. Aortograms from (a)a 40-year old woman with 
severe claudication and (b) a female control of the same age. 
the present data makes it likely that addition of 
further information would lead to findings that still 
reach statistical significance. Previous studies evalu- 
ating aortic size have reported area ratios and 
diameters of arteries distal to the aorta. 14,16,17 As 
noted previously, many of our patients had distal 
aortic and iliac occlusions, making accurate measure- 
ment of the distal arteries impossible. Although the 
diameter of the infrarenal aorta is usually less than 
that of the suprarcnal aorta, 2° it is possible that the 
smaller luminal measurements determined in the 
infrarenal aortas of the study group reflected a higher 
degree of atherosclerosis n that segment. The 
diameter of the suprarenal aorta may have been a 
better estimate of true lumen size, because the 
suprarenal segment is more likely to be flee of 
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Table IV. Comparison of aortograph measurements between study group and control group 
Study group Patients with occlusions Control group 
Men 
n 27 16 25 
Mean A~ 23.2 +- .6 21.9 + .8 23.4 -+ .6 
Mean A 2 19.2 + .5 18.1 _+ .9 ~ 20.4 -+ .4 ~ 
Women 
n 22 12 25 
Mean A 1 19.2 -+ .6 18.5 + 1.0t 20.8 -+ .6t 
Mean A 2 15.7 -+ .6:~ 14.5 + .9§ 18.0 _+ .6:~§ 
~p < 0.001. 
sp = 0.05. 
,p  : O.Ol. 
~p = 0 .002.  
atherosclerosis. The association between suprarenal 
aortic diameter and graft occlusion was present in our 
study but was not as strong as the association 
between graft occlusion and infrarenal size measure- 
ments. Further studies uch as computed tomogra- 
phy would be necessary to resolve whether the 
infrarenal aortas were in fact intrinsically smaller or 
had luminal narrowing caused by atherosclerosis. In 
any case the measured luminal diameter of the 
infrarenal aorta remains the only important predic- 
tive variable among those examined in this study. 
One half of the amputations in this series were 
performed in patients who initially underwent repairs 
for claudication. It is our current recommendation to 
avoid aortoiliac reconstruction in young adults, 
unless limb-threatening ischemia is present. Clearly 
the progressive nature of premature atherosclerosis 
means that most young adults with claudication can 
be expected to progress to more advanced ischemia. 
Therefore these patients hould be followed closely at 
short intervals. 
Based on the results of the present study we 
suggest hat young adults who undergo aortoiliac 
reconstruction for complications of atherosclerosis 
should be followed closely for graft complications. 
Our data suggest hat most young women with 
infrarenal aortic diameters less than 14 mm can be 
expected to have graft occlusion within 3 years, as can 
men with aortic diameters less than 18 mm (Fig. 3). 
Other than timely intervention to correct recurrent 
graft stenoses, no proven methods have been found 
for reducing the risk of occlusion in patients. 
Although several coagulation and metabolic abnor- 
malities have been associated with premature athero- 
sclerosis, 24 screening for these disorders is still 
experimental. Strict control of risk factors such as 
smoking, hypertension, and dyslipidemias i a pos- 
sible means of slowing the progression of premature 
atherosclerosis. We were unable to demonstrate a 
difference in late outcome between AFB and aTEA, 
but the small number of aTEA limits this finding. 
Van den Akker et al. 2s have suggested that aTEA may 
be superior to AFB in young patients with small 
aortas and occlusive disease limited to the aorta or 
common lilac arteries. Other technical considerations 
may be important; Burke et al.26 have demonstrated 
that bifurcated polytetrafluoroethylene prosthesis 
and profundaplasty can improve patency rates in 
patients with small aortas compared with those of 
historic control groups. 
REFERENCES 
1. DeBakey ME, Crawford ES, Garrett HE, Colley DA, Morris 
GC Jr, Abbott JP. Occlusive disease of the lower extremities 
in patients 16 to 37 years of age. Ann Surg 1964;159:873-90. 
2. Najafi H, Ostermiller WE, Ardekani RG, et al. Aortoiliac 
reconstruction i  patients aged 32 to 45 years of age. Arch 
Surg 1970;101:780-4. 
3. Greenwood LH, Hallett J'W Jr, Yrizarry JM, Robison JG, 
Brown SB. The angiographic evaluation of lower extremity 
arterial disease in the young aduk. Cardiovasc Intervent 
Radiol 1985;8:183-6. 
4. Pairolero PC, Joyce JW, Skinner CR, Hollier LH, Cherry K]. 
Lower limb ischemia in young adults: prognostic implica- 
tions. J VASC SURG 1984;1:459-64. 
5. Sise MJ, Shackford SR, Rowley WR, Pistone FJ. Claudication 
in young adults: a frequently delayed iagnosis. J Vasc SUWG 
1989;10:68-74. 
6. Valentine RJ, MacGillivray DC, DeNobile JW, Snyder DA, 
Rich NM. Intermittent claudication caused by atherosclerosis 
in patients aged forty years and younger. Surgery 1990;107: 
560-5. 
7. McReady RA, Vincent AE, Schwartz RW, Hyde GL, 
Mattingly SS, Griffin WO. Atherosclerosis in the young: a 
virulent disease. Surgery 1984;96:863-8. 
8. Bouhoutsos J, Martin P. The influence of age on prognosis 
after arterial surgery for atherosclerosis of the lower limb. 
Surgery 1973;74:637-40. 
9. Olsen PS, Gustafsen J, Rasmussen L, Lorentzen IE. Long- 
term results after arterial surgery for arteriosclerosis of the 
lower limbs in young adults. Eur ] Vase Surg 1988;2:15-8. 
JOURNAL OF VASCULAR SURGERY 
Volume 21, Number 2 Valentine et al. 305 
10. Jensen BV, Egeblad K. Aorto-iliac arteriosclerotic disease in 
young human adults. Eur I Vasc Surg 1990;4:583-6. 
11. Van Vroonhoven TJMV. Intermittent claudication in pre- 
menopausal women: a correlation with the long-term use of 
oral contraceptives? I Cardiovasc Surg (Torino) 1977;18: 
291-5. 
12. Holmes DR, Burbank MK, Fulton RE, Bernatz PE. Arterio- 
sclerosis obliterans in young women. Am J Med 1979;66: 
997-1000. 
13. Evans WE, Hayes JP, Vermilion BD. Atherosclerosis in the 
younger patient: results of surgical management. Am J Surg 
1987;154:225-9. 
14. Cronenwett JL, Davis IT, Gooch JB, Garret* HE. Aortoiliac 
occlusive disease in women. Surgery. 1980;88:775-84. 
15. DeLaurentis DA, Friedmann P, Wolferth CC, Wilson A, 
Naide D. Atherosclerosis and the hypoplastic aortoiliac 
system. Surge~ 1978;83:27-37. 
16. Caes F, Cham B, Van den Brande P, Welch W. Small artery 
syndrome in women. Surg Gynecol Obstet 1985;161:165- 
70. 
17. Palmaz JC, Carson SN, Hunter G, Weinshelbaum A. Male 
hypoplastic infrarenal aorta and premature atherosclerosis. 
Surgery 1983;94:914. 
18. Ad Hoc Committee on Reporting Standards. Suggested 
standards for reports dealing with lower extremity, ischemia. 
J VASC SURG 1986;4:80-94. 
19. Kaplan EL, Meier P. Nonparametric estimation from incom- 
plete observations. )r Am Stat Assoc 1958;53:457-81. 
20. Pearce WH, Slaughter MS, LeMaire S, et ai. Aortic diameter 
as a function of age, gender, and body surface area. Surgery 
1993;114:691-7. 
21. Schneider JR, Zwolak RM, Walsh DB, McDaniel MD, 
Cronenwett JL. Lack of diameter ffect on short-term patency 
of size-matched Dacron aortobifemoral grafts. J VAse SURG 
1991;13:785-91. 
22. Szilagyi DE, Elliott JP Jr, Smith RF, Reddy DJ, McPhariin M. 
A thirty-year survey of the reconstructive surgical treatment of
aortoiliac occlusive disease, l VASC SURG 1986;3:421-36. 
23. Naylor AR, Ah-See AK, Engeset J. Aortoiliac endarter- 
ectomy: an 11-year eview. Br J Surg 1990;77:190-3. 
24. Valentine RJ. Premature peripheral atherosclerosis. Cardio- 
vase Surg 1993;1:473-80. 
25. van den Akker PJ, van Schilfgaarde R, Brand R, van Bockel 
JH, Terpstra fL. Long-term results of prosthetic and non- 
prosthetic reconstruction for obstructive aorto-iliac disease. 
Eur I Vasc Surg 1992;6:53-61. 
26. Burke PM, Herrmann JB, Curler BS. Optimal grafting 
metho& for the small abdominal orta. J Cardiovasc Surg 
(Torino) 1987;28:420-6. 
Submitted June 10, 1994; accepted Oct. 18, 1994. 
DISCUSSION 
Dr. Jack L. Cronenwett (Lebanon, N.H.). Although 
we all regard aortofemoral bypass as an effective and 
durable procedure, Dr. Valentine and his associates have 
found that this is not the case in their patients under age 50 
who have small aortas. In our analysis of older patients 
undergoing aortofemoral bypass, we have not found that 
graft diameter affects patency, if small grafts are used for 
small arteries. This raises the question of whether small 
aortic size is only a risk factor for graft occlusion in younger 
patients. Dr. Valentine, have you analyzed your results with 
aortofemoral reconstruction i  older patients when strati- 
fied by aortic size to address this question? Alternatively, is 
it possible that oversized grafts were used in some of your 
patients with small arteries, which may have led to graft 
thrombosis? Have you analyzed )Tour data according to 
graft size? 
It is interesting to speculate that patients who have 
symptoms from occlusive disease at a young age may be the 
subgroup of people with smaller arteries in whom athero- 
sclerotic plaque encroaches more rapidly on a small arterial 
lumen. Have you compared aortic size in younger and older 
patients with aortoiliac disease to determine whether the 
younger age group is enriched by those people with small 
arteries? In considering other variables that may affect graft 
patency, extending the femoral anastomosis onto the 
deep femoral artery may be important, if orificial disease 
is present. Did the details of the femoral anastomo- 
sis influence the patency in these patients with small 
arteries? 
If the present results can be generalized, they raise 
important questions concerning the treatment of aortoiliac 
disease in younger patients with small arteries. For 
example, when such patients present with claudication 
alone, should they be treated at all? To address this 
question, could you tell us how many patients with 
claudication alone progressed to limb loss after graft 
occlusion? What about alternative therapies; have you 
examined the results of balloon angioplasw in such young 
patients? 
And finally, are there any other operative techniques 
that we can use to improve our results? For example, might 
it be advantageous to interpose a vein cuff between the 
aortofemoral graft limb and a very small femoral artery, 
analogous to the developing experience with prosthetic 
infragenicular g afts? 
Dr. R. James Valentine. We did indeed look at the 
graft sizes in our 68 patients who underwent aortofemora! 
bypass grafts. The sizes ranged from 13 mm to 18 mm and 
correlated relatively well with the infrarenal aortic size in 
both men and women. When we compared patients who 
underwent placement of 16 mm or larger grafts versus 
those who underwent placement of grafts smaller than 16 
mm, we could find no difference in the patency rates in men 
or women. 
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Regarding the issue of oversized grafts, there were two 
oversized grafts in the occluded group and only one 
oversized graft in the patent group. Graft size discrepancy 
was not much of a factor in this study, and it did not seem 
to have much impact on the late outcome. 
You asked a question about aortic size in younger 
versus older adults. Our control group was statistically 
younger than our study group; therefore the control group 
would have been expected to have smaller aortas than the 
patients. However, our patients with occlusions had much 
smaller aortas than the control group. We did not have a 
control group of older patients for further comparison. 
Others have shown that aortic size is directly related to age. 
You asked whether profundaplasties might increase the 
patency rate in our patients who underwent aortofemoral 
bypasses. Looking at our data, we had nine men and one 
woman who had superficial femoral artery occlusions and 
therefore had their distal bypasses extended across the 
orifice of the profunda femoris. The dictated operative 
reports were not specific on how far distally those 
profundaplasties were performed. Nevertheless half of the 
patients who had profundaplasties had occlusions, and the 
other half had patent grafts, which would suggest hat 
profundaplasties do not prevent late occlusions. 
Regarding treatment of young claudicants, half of the 
patients in our series who underwent amputations had 
claudication as their initial indication for operation. We 
now tend to avoid aortoiliac reconstruction for claudication 
in young adults. The progressive nature of the disease 
means that most patients with clandication can be expected 
to progress to more advanced ischemia; we recommend 
that these patients be watched very closely, perhaps at 
shorter intervals than older counterparts. 
Regarding alternative therapies, one large European 
study suggested that the aortoiliac endarterectomies have a 
favorable long-term patency in young patients. We did not 
have enough patients in our series who underwent endar- 
terectomies to provide a meaningful analysis of this 
question. We have monitored four young women who 
underwent balloon angioplasty for discrete lesions of 
common iliac arteries, all of whom have had excellent 
patency at 3, 5, and 6 years. We have not had the 
opportunity to try a vein cuff or an extended patch on the 
femoral anastomosis. That certainly sounds like a good 
idea. We have had occasion to reconstruct the aortoiliac 
system with deep veins of the leg in two women who have 
had multiple, recurrent prosthetic graft occlusions. Both 
have remained patent for quite a bit of time, much longer 
than they have ever remained patent before. One, I believe, 
is at 3 years, and the other is at 18 months. Based on that, 
we are cautiously optimistic about the potential use of 
autogenous tissue to reconstruct these disadvantaged aortas 
and are considering a prospective randomized study to 
evaluate this procedure. However, we certainly would not 
recommend use of the deep leg veins as a primary 
procedure in these patients at the present ime. 
Dr. David M. Lolley (Pittsburgh, Pa.). Our group has 
had about the same results in young women with 
hypoplastic aortas. It has been so pronounced that we have 
abandoned aortoiliac grafts and gone to extensive ndar- 
terectomies of the aortoiliacs and even down into the 
femoral arteries and have seen none of these complications 
in the last 10 years. We have not used patch grafts very 
extensively. You do need to anticoagulate hem for a little 
while. 
Dr. Valentine. Most of the patients who underwent 
aortoiliac endarterectomles in this series had their athero- 
sclerotic occlusive disease confined to the aorta and 
common iliac arteries, enabling us to avoid extensive distal 
iliac endarterectomy. I have no experience in this group 
with the more extensive ndarterectomies to the femoral 
artery. 
Dr. Lolley. The lilac portion will come out just as 
easily. 
Dr. David C. Brewster (Boston, Mass.). I had one 
question for you. Could you clarify for me whether you are 
postulating that the small aorta is simply a marker of more 
virulent progressive atherosclerosis in this patient cohort or 
in fact is the cause of occlusion? Certainly graft limb occlu- 
sion is quite infrequently attributable to proximal esions. 
As your series demonstrated, most causative lesions are 
shown at the time of reoperation to be located at the femo- 
ral anastomosis. Our experience with patients with the 
small aortic syndrome has not been so poor, and I would 
simply reiterate Dr. Cronenwett's point. I think it is ex- 
tremely important to match the size of your prosthesis to 
the small vessels, so commonly we will use a 14 x 7 or 
sometimes even smaller prostheses in this patient group. 
Dr. Valentine. Clearly, small infrarenal aorta size is a 
risk factor for late graft occlusion among young patients. 
Previous studies on the hypoplastic aorta syndrome re- 
ported on patients of all ages, so results were not confined 
to patients younger than 50 years. Young patients with 
small aortas appear to be at particularly high risk for graft 
occlusion. Every patient who had an occlusion in this series 
underwent a reoperation at the groin level. Eighty percent 
of the patients had their repairs performed at the groin 
either as a limb thrombectomy with a local repair or as a 
femorofemoral crossover. Only 15% of patients required a
femoropopliteal bypass, suggesting that this is a local 
recurrence problem more than a recurrent atherosclerosis 
problem. 
